(12) 



UK Patent Application ,,»GB ,,,,2279161 „3,A 



(11)^ ^/ V/ IW I (13) 
(43) Date of A Publkatton 21.12.1994 



(21) Application No 9312261^ 

(22) Date of Filing 15i06.1993 



(71) Applicant(8) 

tot ei na t iona t Business Machines Corporation 

(Incorporated in USA - New York) 

Aimoiikr New York 10504, United Slates of America 

(72) InventoiXs) 

IMark Hoggins 

(74) Agent and/or Address for Service 
Roger James Burt 

IBM UK Ltdi, InteHectual Property Dept, 
Maapooit 110, HiDsley ParK WIN(»ESTEIi 
Hanq»shirer S021 2JN, United IGngdom 



(51) INTa^ 

HQ2M3/335,H04N5/63 

(52) UKa(EditionM) 

G3U UAE9 U202 U210 U211 
H4rTADD 

U1S S2125 S2206 S2284 

(56) Docunrants Cited 
EP026S322A1 

(58) Held of Search 

UKa(EditionL) G3U UAE9,H2FFCIVFMDmr 
RVIDRX , H4TTABE TABF TADD 
INT CL^ HQ2M 3/335 . H04N 3/185 5/63 
ONUNE DATABASES: Wn 



(54) Switch mode power supply controner 

(57) A controller for a swrtch mode power supply in a television receiver or computer display comprises a 
first oscillator (4) generating a first pulse signal (1 1), for actuating a switching device (Q1). A pulse width 
modulation feedback signal (1 2) indicative of a load on the power supply varies the pulse width of the first 
pulse signal (11) as a function of the feedback signal. A second oscillator (1) generates a second pulse a'gnal 
for actuating the switching device (Q1). The second pulse signal is of a lower frequency than tiie first pulse 
signal A multiplexor (2) selectively supplies one of the first pulse signal and the second pulse signal to the 
switching device (Q1) in response to a control signal (10) to configure the switch mode power supply to 
operate in a corresponding one of a higher power normal operating mode or a lower power standby mode. 
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SfllTCH ISJOE FOHER SUPPLY CXSHXSOLLER 

DESCRIPTIOH 

The present invention relates to a switch mode power supply 
controller for generating a switching signal in a switch mode power supply 

(SHPS). 

Switch mode power supplies, or DC to DC convertors as they are 
sometimes referred to, are used in electrical appliances, such as 
television receivers and cosnputer visual display units for example, to 
efficiently transfer electrical power from the domestic electricity mains 
supply to electricckl circuitry of the appliances. 

A typical SISBS coanprises a switch for alternately opening and closing 
a current path through the primary winding of a transformer in response to, 
a square wave switching signal. In operation, a DC voltage is applied 
across the primary winding of the transformer. Electrical energy is 
transferred to a load connected to the secondary winding of the transformer 
by alternately cqpening and closing the switch as a function of the 
switching signal* Xhe amount of electrical energy transferred to the load 
is a function of the duty cycle of the switch and the frequency of the 
switching signal. !rhe duty cycle of the switch is the ratio of the tixoe for 
«^ch the switch is open relative to the time for which the switch is 
closed. The duty cycle thus corre^^nds to the mark-space ratio of the 
switching signal. 

A switch mode power supply controller tifpically ocsnprises an 
oscillator for generating the switching signal. A pulse width modulator is 
connected to the oul^ut of the oscillator for varying the mark-space ratio 
of the switching signal to vary the duty cycle of the switch £is a function 
of a feedback signal from the load. The feedback signal from the load 
ccsipletes a negative feedback loop enabling the controller to regulate the 
power svgoplied to the load in accordance with the power d^nanded by the 
load, thereby leading to efficient energy usage. 
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EP 255 839 describes a switch mode power supply controller for a 
cathode ray tube (CRT) television receiver which can be switched to stand- 
by operation. The oscillator of the controller is synchronised to a raster 
line frequency of at least 15kHz corresponding to the received television 
transmission. In normal operation, the switching signal is provided 
directly from the output of the oscillator to operate the switch at the 
line frequency of the received TV transmission. In standby operation, the 
switching signal is generated by gating the outqput of the oscillator 
through a frequency divider circuit to operate the switch at half the line 
frequency. The power transferred to the load during standby operation is 
thus reduced. However, if the raster line frequency is less than 40kHz, the 
divider will place the frequency of the switching signal in the audible 
range. The host power suEq[>ly may therefore generate undesirable audio noise 
when in stand-by operation. Fuirthemnre, the pulse width from the divider 
circuit cannot readily be tuned to bring the television receiver into line 
with both existing and emerging international and national government and 
industry standards. 

In accordance with the present invention, there is now provided a 
controller for a switch mode power supply, the controller comprising: 
first oscillator fw generating a first pulse signal for -actruating a 
switcMng^deyice.of the power si^yply, the first pulse signal having a first 
frequency; and a pulse width modulator for receiving a feedback signal 
indicative of a load on the power suq^ly and for varying the pulse width of 
the first pulse signal generated by the fixst oscillator as a function of 
the feedback signal; characterised in that the controller corprises: a 
second l3scillator for generating a second pulse signal having a second 
frequency for actuating the switching device, thC2§@@^4rpu]^e si 
having: a second, frequency lower th frequency; and a multiplexor 

for selectively supplying one of the first pulse signal and the second 
piilse signal to the switching device in response to a control signal to ^ 
configure the switch mode power supply to operate in a corresponding one of 
a higher power normal operating mode or a lower power standby mode. 
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Because, in accordance with the present invention, the second pulse 
signal is generated by a second oscillator independently of the first 
oscillator, the second pulse signal can be set any frequency and pulse 
width required to provide adequate power to sustain standby operation of 
the host ^pliances and to simultaneously meet with national and 
international govermnent and industry standards such as, for exanple, MUTEK 
Specification 803299. 

Preferably, the frequency of the second pulse signal generated by the 
second oscillator is greater thcui 20kHz to avoid generation of audio noise 
when operating in standby node. 

In a preferred embodiment of the present invention the pulse width of 
the second pulse signal generated by the second oscillator is less than 
lus. IfhB frequency of the first pulse signal may be in the range 30kHz to 
lOOkHz . 

It will be appreciated from the following that the piresent invention 
extends to a switch mode power supply, comprising: a transformer having a 
primary winding and at least one secondary winding; a switching device 
connected to the primary winding of the transformer; and a controller as 
described above connected to the switching device, the feedback signal 
being derived from the secondary winding of the transformer. 

# 

It will also be ^^preciated from the following that the present 
invention extends to display ^paratus comprising drive means for driving a 
display device in response to one or more video signals, processor means 
for controlling the drive means and a switch mode power supply as described 
above. 

A preferred embodiment of the present invention will now be described 
with reference to the accoanpanying drawings, in which: 



Figure 1 is a block diagram of a CRT display device; 
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Figure 2 is a block diagram of th primarY side of a switch mode 
power supply including a controller of the present invention; and 

Figure 3 is a block diagram of the secondary side of the switch node 
power supply. 



Tube (CRT) 10 connected to an E:ctra High Tension voltage (EHT) generator 30 
and a video anplifier 60. Idjie and frame deflection coils, 80 and 70 
respectively, are disposed around the neck of the CRT 10. Deflection coils 
80 and 70 are connected to line and frame scan circuits, 40 and 50, 
respectively. A switch mode power si^vply (SHPS) 20 is connected via power 
simply rails Vin and OV to the EHT generator 30, video amplifier 60 and 
scan circuits 40 and 50. 

In operation, EHT generator 30 generates an electric field within CRT 
10 for accelerating electrons in beams towards the screen of CRT 10. Line 
and frame scan circuits 40 and 50 generate line and frame scan currents in 
deflection coils 70 and 80. The line and frame scan currents are in the 
form of ramp signals to produce time->varying magnetic fields that scan the 
electron beams across CRT screen 10 in a raster pattern. The line and frame 
scan signals are synchronised by Ixdb and frame scan circuits 50 and 40 to 
input line and frame sync signals, HSYNC and VSYNC, generated by a host 
congpoter system (not shown) for example. Video aoDplifier 60 modulates the 
electron beams to produce an output di^lay on CRT 10 as a function of 
input video signals, R,G and B, also generated by the host ccniputer system. 

Referring to Figures 2 and 3 together, SHPS 20 comprises a primary 
side 21 and a secondary side 22 linked by a transformer Tl. The primasry 
side of SHPS 20 has flyback switching topology. Tl comprises a primary 
winding PI, a flyback winding P2, a forward winding P3, and secondary 
windings SI and S2. 




rises a Cathode Ray 



uter visual 
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The primary winding is connected at one end via a DC input rail Vm to 
a bulk storage capacitor CI and at the other end to the drain of a field 
effect transistor (FET) switch Ql. It will be appreciated from the 
following that, in other embodiments of the present invention Ql may be 
iiri)lCTiented by a bipolar transistor instead of a FET. The source of Ql is 
connected a reference rail OV. The gate of Ql is connected to the output 14 
of a driver an^^lifier 3. The input to driver 3 is connected to the output 
of a two input raultipleror 2. In accordance with the present invention, one 
input of moltipleKor 2 is connected to the output of an oscillator 1- The 
other input to multiplier 2 is connected to a switching signal output 11 
of a control device 4. A control output 10 of control device 4 is connected 
to control inputs of nultiplescor 2 and driver 3. A feedback input 12 to 
control device 4 is connectable to OV via the output transistor 5a of an 
opto-isolator. Feedback input 12 is also connected via a reverse-biased 
diode D3 to the control input of a switch Q2. DC input rail Vto is 
connectable to a supply input Vf to control device 4 via a resistor Rl and 
a switch Q2. Supply input Vf to control device 4 is also connectable via a 
switch Q6 and a diode D9 to a siqaply rail Vo. Supply rail Vo is connected 
via a diode Dl to forward winding P3. <3ggiciJO 

oscillator (not shown) for generating a pulse signal synchronised to the 
line scan signal generated by line scan circuit 50, and a pulse width 
modulator (not shown) connected to the output of the oscillator. The pulse 
width modulator has a modulation input connected to feedback input 12 of 
control device 4. The out^t of the pulse width modulator is connected to 
switching signal output 11 of control device 4- 

In operation, DC ii^t rail Vm carries DC-rectified mains power 
smoothed by bulk storage capacitor CI. The DC rectified mains power is 
supplied, via a bridge rectifier (not shown) frcxn the domestic electricity 
mains power si^jply. Initially, Q2 is closed and supply input Vf to control 
device 4 is connected to DC input rail Vto through Rl. Control device 4 
therefore initially receives power from DC input rail Vto. 

The oscillator of control device 4 starts up in response to the power 
supplied via Rl to generate a switching signal on output 11. Control output 
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10 is sent high by the power siQ>plied to control device 4 via Rl. Q6 is 
closes in response to control onl^t 10 going high. Therefore, power to 
driver 3 and multiplexor 2 is initially supplied from supply input Vf via 
supply rail Vo and diode D9. Multiplexor 2 gates the switching signal via 
driver 3 onto the gate of Ql in response to control output 10 going high. 
Driver 3 conditions the switching signal for application to the gate of Ql. 
In response to the switching signal, Ql alternately opens and closes the 
current path from DC rail ^ to OV* Electrical energy is thus transferred 
to second side 22 of SMPS 20 by flyback action. Transistor 5a of opto- 
isolator starts to conduct in response to power d^nand from second side 22 
of SMPS 20, thereby opening switch Q2« However, power to control device 4 
is now maintained also by flYback action on voltage rail Vf via f li^ck 
winding P2, a rectifier diode D2, and a smoothing capacitor C3. However, 
power to driver 3, multipleaor 2, and oscillator 1 is now provided by 
transformer action on voltage rail Vo via forward winding P3, rectifier 
diode Dl and smoothing Cc^acitor C2. Transistor 5a of the opto- isolator 
generates a feedback signal on feedback izqput 12 as a function of the 
demand from secondary side 22 of SHPS 20. The pulse width modulator of 
control device 4 varies the pulse width of the switching signal at output 

11 as a function of the feedback signal. Transistor switch Ql is 
alternately turned on and off by the pulse width modulated switching signal 
in accordance with the energy dwnand from secondary side 22 of SHPS 20. 
Initially the oscillator of control device 4 generates the switching signal 
at a free-running frequency. However, once normal power is st^oplied to 
secondary side 22 of .the SHPS 20, the oscillator synchronises the switching 
signal to line 83fnc signal HSfflC input to the CRT displeqf. The frequency of 
line sync signal HSYNC is typically in the range 32kHz to 64kHz. 

Secondary winding SI is connected at one end via rectifier diode D4 
to a high voltage power siqpply rail Vs and at the other end to a secondary 
side reference level OV* . A smoothing capacitor C4 is connected between the 
cathode of D4 emd reference level OV . In operation, st^ly rail Vs carries 
a DC voltage of about 75V xrelative to reference level OV* , rectified by D4 
and smoothed by 04, to high voltage portions of line scan circuit 50, video 
amplifier 60, and EHT generator 30. 
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Secondary winding S2 is connected at one end via a rectifier diode D5 
to a low voltage supply rail Vs* and at the other end to reference level 
OV* • A smoothing capacitor C5 is connected between the cathode of D5 and 
reference level OV*. Siqjply rail Vs* is also connected to the input of a 
voltage regulator 8 referenced to reference level OV . In operation, supply 
rail Vs* carries a DC voltage of about 16V relative to reference level OV, 
rectified by D5 and smoothed by CS, to frame scan circuit 40. The oul5>ut of 
regulator 8 is connected to another low voltage supply rail Vs ' ' ' . In 
operation, voltage regulator 8 sets the voltage on supply rail Vs' • ' to a 
fraction of that on sugpply rail Vs' relative to reference level OV . Supply 
rail Vs»«', in use, carries a DC voltage of about 12V to low voltage 
portions of frame scan circuit 40, line scan circuit 50, video anplifier 
60, and EHT generator 30. The output of voltage regulator 8 is also 
connected via a rectifier diode D6 to the input of another voltage 
regulator 9 referenced to reference level OV . fik capiacitor C6 is connected 
between the input of voltage regulator 9 and reference level OV to smooth 
the voltage at the ii^ut to voltage regulator 9, The output of voltage 
regulator 9 is connected to a very low voltage s\xpplY rail Vs • • . In 
operation, voltage regulator 8 sets the voltage on svqcyply rail Vs» ' to a 
fraction of that on supply rail Vs''» relative to reference level OV. 
Supply rail Vs* ' , in use, carries a DC voltage of about 5V to a processor 
logic 6 in the form of a microprocessor for controlling the operation of 
frame scan circuit 40, line scan ciircuit 50, video amplifier 60, and EHT 
generator 30. 

In accordance with the pres»mt invention, supply rail Vs is 
connectable to the input of voltage regulator 9 via a switch Q3 having a 
control input connected to the output of voltage regulator 8. Supply rails 
Vs» and Vs»* are connectable to reference level OV via respective diodes 
D7 and D8, a light ^tting diode (LED) 5b of the opto-isolator, and a 
switch in the form of a bipolar transistor Q4 having a base connected to a 
shutdown output 13 of processor 6. The output of an error amplifier 7 is 
connected to the collector of 24. Error amplifier 7 has a positive input 
connected to receive in operation a ref erenc voltage VREF and a negative 
input connected to a feedback source in the form of the output a line scan 
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signal reg\ilator (not shown) of line scan circuit 50. The line scan 
regulator of line scan circuit 50 qperat s to maintain constant picture 
width despite changes in line scan frequency resulting foxnir for example, 
the CRT display being switched from one display format to the other. In 
operation, the line scan regulator oul^puts a voltage VEB indicative of the 
energy demanded from siqjply rail Vs by line scan circuit 50. The output of 
the line scan regulator is selected because, of EHT generator 30, line scan 
circuit 50, frame scan circuit 40, and video amplifier 60, line scan 
circuit 50 is the dominant consumer of electrical power, and therefore the 
largest load on power si^>ply 20. 

In normal operation, processor 6 holds shutdown out^nxt 13 low. Q4 
thus remains off. Error anplifier conpares VFB with VREP to generate an 
error signal at the collector of Q4. The error signal on the collector of 
Q4 modulates the current frcan si:5>ply rails Vs' and Vs' ' throu^ LED 5b of 
the opto-isolator. 

Photo-transistor 5a translates li^t detected from LED 5b into a 
feedback signal on feedback input 12 of control device 4. As hereinbefore 
described, the switching signal on the gate of Ql is pulse-width modulated 
as a function of the feedback signal to regulate the voltage on sc^jply rail 
Vs on the secondary side of the SSPS 20. The voltage on sc^ly rail Vs« 
derived from secondary winding S2 tracks the voltage on siqiply rail Vs. The 
pulse-width of the switching signal effectively determines the amounts of 
energy transferred from primary side 21 to secondary side 22 by flyback 
action in Tl. 

i^Docessor 6 config^^ 
of operation in j^sponse::to, for sample, a signal from the host computer 



system. Tb configure the C3tT display to operate in^standby^mode, processor 
6 sets ou1?>ut 13 high. Q4 therefore turns on, ther^y bypassing the output 
of error amplifier 7. The opto-isolator responds by generating a feedback 
signal at feedback input 12 demanding zero duty cycle from Ql. 
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The flyback energy stored in the core of Tl decreases in response to 
the zero duty cycle deioand- The voltage on supply rail Vf connected to 
fl^^ack winding P2 therefore falls to near zero. Control device 4 thus 
turns off. However, power is maintained to oscillator 1, multiplexor 2, and 
driver 3 via supply rail Vo by transformer action on forward winding P3. As 
control device 4 turns off, control output 10 to multiplexor 2 goes low, 
thereby connecting the output of oscillator 1 to the gate of Ql via driver 
3, Q6 opens in response to control output going low, thereby disconnecting 
siq?ply input Vf from supply rail Vo. 

f ixed-^f ir^quency set to jiijgtjl^^ at 
20kHz, and a fixed reduced pulse-width of 450ns, to switch Ql on for a 
short conduction time of 450n8 at 50us intervals « 'She fined frequency of 
the switching signal generated by ^ o^ieililltf^i^ 
the range of liiie,,9can fr^ioencies to^^^ 

device 4^is &^cto Similarly, the pulse 

width of the switching signal generated by oscillator 1 is significantly 
shorter than the shortest pulse length produced by the pulse width 
modulator of jcpntrol^(^yice^4--dnring-normal^pperation. 

Ql now alternately opens and closes the current path through Tl in 
response to the lower frequency, lower pulse width, switching signal frcan 
oscillator 1. The flyback energy stored in the core of Tl is now much lower 
than that stored during normal operation. The reduced flyback action in 
secondary winding SI causes the voltage on supply rcd.1 Vs to drop f rcoi 
around 75V to t:^ically between 8 and 20V and the voltages on siqpply rail 
Vs* from secondary winding S2 to drqp proportionately. When the voltage on 
supply rail Vs' " drops by a sufficient amount, from 12V to typically below 
lOV, fi3 turns on. Supply rail Vs is therefore coimected to the input of 
voltage regulator 9. The voltage on si^iply rail Vs" at the output of 
regulator 9, typically 5V, is therefore maintained by the reduced voltage 
on suj^ly rail Vs. Power to processor 6 is thus maintained despite the 
absence of power to line drive circuit 50, EHT generator 30, frame scan 
circuit 40, and video amplifier 60. Processor 6 can thus continue to 
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monitor line and frame sync signals HSYNC and VSYNC and video signals R, G, 
and B ii^Enit to the CRT display. 

Processor 6 restores-noxxnal operation of the CRT display in response 
to^ for example, another signal from the host cGsi3)uter s^tem, indicative 
of keyboard activity for eKanple. to .restore tiaaagal operation, processor 6 
sends oat^t 12 low, thereby turning Q4 off. The qpto-isolator, poweired via 
supply rail Vs* * and D8, therefore configures Q2 to close via D3. Power is 
thus siqyplied to control device 4 from supply rstil Vm via Rl. Control 
device 4 thus turns on again sending control output 10 high. Q6 closes in 
response to control output 10 going high, thereby connecting si^ly ii^t 
Vf to siqiply Vo via D9. Multiplexor 2 therefore gates switching signal 
output 11 back onto the gate of Q2 via driver 3. When supply rail Vs* ' ' 
reaches typically lOV, Q3 turns off and power on simply rail Vs* * to 
processor 6 is once again derived frcon supply rail Vs' * * via voltage 
regulator 9. 

A preferred eoibodijnent of the present invention has now been 
described with reference to a CRT display for a computer systm. It will 
however be ^predated that the present invention is eqpxally applicable to 
other electrical eipp\ lances such as, for example, television receivers. It 
will also be ^preciated that some or all of oscillator 1, multiplexor 2, 
and driver 3 may be integrated into a single application specific 
integrated circuit device. 
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1. A controller for a switch mode power sapply, the controller 
conprising: a first oscillator (4) /for generating a first pulse signal for 
actuating a swltcliing device (qI) of the power supply, the first pulse 
signal having a first frequency; and a pulse width modulator (12) for 
receiving a feedback signal indicative of a load on the power supply and 
for varying the pulse width of the first pulse signal generated by the 
first oscillator (4) as a function of the feedback signal; characterised in 
that the controller ccooprises: a second oscillator (1) for generating a 
second pulse signal having a second frequency for actuating the switching ^ 
^vice (Ql)./ the second pulse signal having a secondcrfreqoency -lower-±han 
the -first frequency; and a multiplexor (2) for selectively supplying one of 
the first pulse signal and the second pulse signal to the switching device 
(Ql) ..in. response to ^;^cqnt!i^^^i^gidr to configure the switch node power 
siq>ply to operate in a corresponding one of a higb^, ppwer^normal operating 
mode or a lower power standby mode* 

2. A controller as claimed in claim 1, wherein the firequency of the 
second pulse signal generated by the second oscillator means (1) is greater 
than 20kHz. 

3. A controller as claimed in claim 2, wherein the pulse width of the 
second pulse signal generated by the second oscillator means (1) is less 
than lus. 

4. A controller as claimed in claim 2 and claim 3, wherein the frequency 
of the first pulse signal is in the range 30kHz to lOOkHz. 

5. A switch mode power sc^ly, ccanprising: a transformer having a 
primary winding and at least one secondary winding; a switching device 
connected to the primary winding of the transformer; and a controller as 
claimed in any preceding claim connected to the switching device, the 
feedback signal being derived from the secondary winding of the 



• * 
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6. Display apparatus cosnprising: drive means for driving a di^lay 
device in response to one or more video signals, p]x>cessor means for 
controlling the drive means and a switch mode power supply as claimed in 
claim 5* 
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